TITLE OF THE INVENTION 
HOUSING FOR ELECTRONIC APPARATUS HAVING OUTER WALL 
FORMED BY INJECTION MOLDING 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from prior Japanese Patent 
Application No. 2001-063960, filed March 1, 2001. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a housing used 
for an electric apparatus, such as a portable computer, 
and more specifically, to such a structure that 
provides for thinner housings. 

2. Description of the Related Art 

An important factor for raising the commercial 
value of an electronic apparatus, such as a portable 
computer, is that it is compact and has excellent 
portability. Therefore, with regard to the housing 
enclosing various types of electronic devices, such as 
a hard disk drive device and a liquid crystal display 
panel, it is desired that the thickness of the housing 
be reduced as much as possible while maintaining the 
strength, rigidity and appearance of the apparatus. 

In order to achieve the above, a magnesium alloy 
having a low relative density is conventionally used as 
the housing for portable computers. The conventional 
housing is made by a so-called thixo molding method, in 



- 2 - 



which a magnesiiim alloy maintained at a half-melt state 
is injected into the molding space within a metal die. 
As compared to a housing made of synthetic resin, 
a magnesium-alloy equivalent can be formed with half or 
5 less the thickness of the synthetic resin. 

Accordingly, the overall weight of the housing can be 
reduced to that of an equivalent or less, in which a 
J: synthetic resin material is used. 

y In the case where a housing is formed by a thixo 

m 

W 10 injection molding method, it is inevitable that as the 

G thickness of the housing decreases, the mold space of 

is the metal die is narrowed. Therefore, when injecting a 

fU magnesium alloy into the mold space, a high resistance 

111 

m is imparted to the magnesium alloy flowing in the mold 

a 

III 15 space, and therefore the fluidity of the magnesium 

alloy is deteriorated. 

In general, a magnesium alloy is injected into 
a mold space from one end thereof until it overflows 
from another end situated on the opposite side to the 

20 above one end, and thus the mold space is filled with 

the alloy. If the fluidity of the magnesium alloy 
within the mold space is poor, it is possible that 
the magnesium alloy cannot fully fill the entire mold 
space in the case of an A4-sized area, which is larger 

25 than, for example, a B5-sized area, even though no 

errors occur in a B5-sized area case in the mold space 
thereof. More specifically, magnesium alloy has a high 



thermal conductivity; therefore it is easily affected 
by the temperature of the metal die. Therefore, as the 
distance from one end of the mold space to the other 
end is increased due to the increase in the size of the 
mold space, the temperature of the magnesium alloy 
decreases as it reaches the other end of the mold 
space. As a result, the fluidity of the magnesium 
alloy is deteriorated at the other end of the mold 
space, thereby creating a magnesium-alloy unfilled 
region in this other end of the mold space. 

Therefore, as the housing to be formed becomes 
thinner and larger in area, molding failures may 
frequently occur. As a result, the production yield is 
decreased, and the productivity and quality are 
adversely affected. At the same time, the production 
costs for the housing are undesirably increased. 

BRIEF SUMMARY OF THE INVENTION 

The present invention has been achieved under the 
above-described circumstances, and the object thereof 
is to provide a high-quality housing, the productivity 
of which can be increased by suppressing the occurrence 
of mold errors and therefore the production cost of 
which is decreased. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will be obvious from the description, or may 
be learned by practice of the invention. The objects 



and advantages of the invention may be realized and 
obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate embodiments of the invention, and together 
with the general description given above and the 
detailed description of the embodiments given below, 
serve to explain the principles of the invention. 

FIG. 1 is a perspective view showing a portable 
computer according to an embodiment of the present 
invention in a state where the display unit is rotated 
to an open position; 

FIG. 2 is a perspective view showing the portable 
computer in a state where the display unit is rotated 
to a closed position; 

FIG. 3 is a perspective view showing the portable 
computer from its back, in a state where the display 
unit is rotated to an open position; 

FIG. 4 is a side view showing the portable 
computer, illustrating the positions of the display 
housing and cover in relation to each other; 

FIG. 5 is a plan view showing the portable 
computer, illustrating the positions of the upper wall 
of the computer main body, the display cover and the 
hinge devices; 



FIG. 6 is a perspective view of the display cover; 

FIG. 7 is a cross-sectional view of a metal die 
and an injection molding device, used to form a display 
cover by injection molding; and 

FIG. 8 is a perspective view schematically showing 
the shape of a product formed by the injection molding. 
DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will now be 
described with reference to drawings in which the 
present invention is applied to portable computers. 

FIGS. 1 to 3 disclose a portable computer 1 as 
an electronic apparatus . The portable computer 1 
includes a computer main body 2, and a display unit 3 
supported by the computer main body 2 . 

The computer main body 2 has a flat box shape 
having a flat upper wall 4a- The upper wall 4a of 
the computer main body 2 includes a palm rest 5 and a 
keyboard mount portion 6. The palm rest 5 is situated 
at a front half section of the computer main body 2. 
The keyboard mount portion 6 is situated on the back 
of the palm rest 5. A keyboard 7 is provided in the 
keyboard mount portion 6. 

The display unit 3 includes a display housing 10 
and a liquid crystal display panel 11 as the functional 
part. The display housing 10 has a pair of leg 
portions 12a and 12b at one end. The leg portions 12a 
and 12b are provided to be apart from each other in the 



width direction of the display housing 10, and they are 

extended from the display housing 10 towards the rear 
end portion of the upper wall 4a of the computer main 
body 2. 

The display housing 10 includes a display cover 
13 and a display mask 14. The display cover 13 and 
the display mask 14 are arranged to abut on each other. 
The display cover 13 is made of, for example, 
a magnesium alloy. The display cover 13 includes a 
support wall 15 serving as an outer wall. The support 
wall 15 has a rectangular shape larger than that of the 
liquid crystal display panel 11. As shown in FIGS. 5 
and 6, the support wall 15 includes a lower edge 
portion 16a serving as the first end portion, an upper 
edge portion 16b serving as the second end portion, and 
side edge portions 16c and 16d on both right and left 
sides. The lower edge portion 16a and the upper edge 
portion 16b are provided to be apart from each other in 
the height direction of the display cover 13, and they 
are extended in the width direction of the display 
cover 13. The side edge portions 16c and 16d are 
provided to be apart from each other in the width 
direction of the display cover 13, and they are 
extended in the height direction of the display cover 
13 over the lower edge portion 16a and the upper edge 
portion 16b. Further, the support wall 15 includes 
a circumferential wall 17 rising from each of the edge 



portions 16a to 16d. 

The liquid crystal display panel 11 is housed 
between the display cover 13 and the display mask 14. 
The liquid crystal display panel 11 is situated in 
a region surrounded by the edge portions 16a to 16d of 
the support wall 15, and it is fixed onto the inner 
surface of the support wall 15 by a plurality of 
screws . 

The support wall 15 has a pair of projecting 
portions 18a and 18b. The projecting portions 18a 
and 18b extend from corner portions each defined by 
the lower edge portion 16a of the support wall 15 and 
the side edge portions 16c and 16d. The projecting 
portions 18a and 18b are arranged to be apart from each 
other in the width direction of the display cover 13. 

The display mask 14 is made of a synthesized resin 
material such as polycarbonate resin. The display 
mask 14 has an opening portion 19 exposing a display 
screen 11a of the liquid crystal display panel 11. 
The display mask 14 includes cover portions 20a and 
20b which abut on the projecting portions 18a and 18b, 
respectively. The cover portions 20a and 20b operate 
together with the projecting portions 18a and 18b to 
function as the leg portions 12a and 12b. 

FIG. 5 is a diagram showing a plan view of the 
display cover 13 in a state where the display mask 14 
and the liquid crystal display panel 11 are removed. 



As can be seen from this figure,, the display housing 10 
is jointed to the upper wall 4a of the computer main 
body 2 via a pair of hinge devices 22. Each of the 
hinge devices 22 includes a first bracket 23, a second 
bracket 24 and a hinge shaft 25. The first bracket 23 
is fixed to a side portion of the support wall 15 of 
the display cover 13. An end portion of the first 
bracket 23 is guided into the projecting portions 18a 
and 18b. 

The second bracket 24 is fixed to the rear surface 
of the upper wall 4a of the computer main body 2 by 
screws. An end of the second bracket 24 is put through 
the upper wall 4a, and then guided between the leg 
portions 12a and 12b of the display housing 10. The 
second bracket 24 is placed adjacent to the first 
bracket 23. 

The hinge shaft 25 is bridged between the first 
bracket 23 and the second bracket 24. The hinge shaft 
25 extends horizontally along the width direction of 
the display housing 10, and is put through the side 
surfaces of the leg portions 12a and 12b of the display 
housing 12. An end of the hinge shaft 25 is fixed to 
the first bracket 23 by screws, and the other end of 
the hinge shaft 25 is connected rotatably to the second 
bracket 24. 

With the above-described structure, the display 
housing 10 is set rotatable between a closed position 



and an open position back and forth around the hinge 
shaft 25 serving as a fulcrum. When the display 
housing 10 is rotated to the closed position as shown 
in FIG. 2, the display housing 10 is placed on top of 
the upper wall 4a of the computer main body 2 to 
entirely cover the palm rest 5 and the keyboard 7 . On 
the other hand, when the display housing 10 is rotated 
to the open position as shown in FIGS. 1 or 3, the 
display housing 10 is stood up with respect to the 
computer main body 2, and the palm rest 5, the keyboard 
7 and the display screen 11a are exposed. 

As best shown in FIG. 6, the support wall 15 of 
the display cover 13 includes a metal injection portion 
27. The metal injection portion 27 has such a shape 
that the support wall 15 is cut away from the lower 
edge portion 16a thereof to the upper edge portion 16b, 
and it extends between the projecting portions 18a and 
18b of the support wall 15 in the width direction of 
the display cover 13. 

The metal injection portion 27 includes first to 
third edge portions 28a to 28c. The first and second 
edge portions 2 8a and 28b extend from the lower edge 
portion 16a of the support wall 15 towards the upper 
edge portion 16b, and they oppose each other in the 
width direction of the display cover 13. The third 
edge portion 28c extends in the width direction of 
the display cover 13 to bridge between the first edge 



portion 28a and the second edge portion 28b, and it is 
slanted towards the upper edge portion 16b rather than 
the lower edge portion 16a of the support wall 15, 

With the above-described structure, as shown in 
FIG. 6, the distance LI from the third edge portion 28c 
of the metal injection portion 27 to the upper edge 
portion 16b of the support wall 15 is shorter than 
the distance L2 from the lower edge portion 15a of 
the support wall 15 to the upper edge portion 16b. 
The difference between the distances LI and L2 is 
equivalent a length L3 of the first and second edge 
portions 28a and 28b. 

Further, the support wall 15 has a plurality of 
pores 29 around the metal injection portion 27. The 
pores 29 are arranged at intervals between each other 
along the first to third edge portions 28a and 28c. 

As shown in FIGS. 3 to 5, the metal injection 
portion 27 of the support wall 15 is covered by a cover 

31 made of a synthetic resin. The cover 31 has a 
peripheral portion 31b along the first to third edge 
portions 28a to 28c of the metal injection portion 27. 
The peripheral portion 31b is put on top of the outer 
surface of the support wall 15. Therefore a plurality 
of projections 32 are formed to be integral with the 
periphery portion 31b of the cover 31. The projections 

32 are inserted into the pores 29 respectively, and the 
distal ends of these projections 32 are heated and 



crushed, thereby fixing the cover 31 to the support 
wall 15. With this structure, the first to third 
edge portions 28a to 28c of the metal injection portion 
27 are connected together by the cover 31. In this 
manner, the cover 31 reinforces the section of the 
support wall 15, which corresponds to the metal 
injection portion 27. 

The display cover 13 is molded by injection using 
the thixo mold method. In this injection molding, an 
injection molding device 35 and a metal die 3 6 as shown 
in FIG. 7 are used. The injection molding device 35 
includes a cylinder 37 and a screw 38 disposed within 
the cylinder 37. The cylinder 37 has a hopper 39, from 
which magnesium- alloy-made pellets are put into the 
cylinder 37. The magnesiiam alloy is heated to a preset 
temperature within the cylinder 37, and is transformed 
into a half-molten state. The screw 38 is rotated in 
the shaft rotating direction within the cylinder 37. 
Due to this rotation, the magnesium alloy in a half- 
molten is transferred towards an ejection outlet 37a 
located at the tip end of the cylinder 37, and then 
pressurized by the screw 38. 

In the thixo mold method, the thixotropy of the 
magnesium alloy is utilized. In the magnesium alloy 
in a solid-fluid co-present state, dendrites, which are 
in a solid phase, are usually formed in a branch-like 
manner. Therefore, in this state, the viscosity of the 
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alloy is high. As the screw 38 is rotated and a shear 
force is applied to the magnesium alloy in a half- 
molten state, the dendrites are cut up finely into 
grains. As a result, the flowability of the magnesium 
alloy is increased, and injected from the injection 
outlet 37a of the cylinder 37. 

The metal die 36 includes a first die 41 and a 
second die 42. When the first and second dies 41 and 
42 are put together, a molding space 43 is made inside 
the metal die 36. The molding space 43 has such a 
shape that corresponds to the display cover 13 to be 
injected. In reply to the necessity of reducing the 
thickness of the display 13, a gap G of the molding 
space 43 is made very narrow. 

The metal die 36 has an injection inlet 44 and 
a plurality of gates 45. The injection inlet 44 is 
communicated to the injection outlet 37a of the 
cylinder 37, and the half-molten magnesium alloy is 
supplied via the injection outlet 37a. The gates 45 
are designed to uniformly disperse the magnesium alloy 
supplied to the injection inlet 44, within the molding 
space 43. The gates 45 are provided at sites which 
correspond to the metal injection portion 27 of the 
support wall 15 as indicated by arrows in FIG. 8. 
These gates 45 are aligned at intervals such as to be 
along with the first to third edge portions 28a to 28c 
of the metal injection portion 27. 



Further, the metal die 36 includes a plurality of 
air vents 46 and molten metal reservoirs 47. The air 
vents 4 6 and molten metal reservoirs 47 are situated 
on opposite sides to the gates 45 with respect to the 
molding space 43 as being interposed therebetween. 
The air vents 4 6 are designed to release the air inside 
the molding space 43 to the outside, and they are 
situated at positions corresponding to the upper edge 
portion 16b of the support wall 15. The molten metal 
reservoirs 47 are communicated to the air vents 4 6 at 
a position outside the molding space 43. 

Next, the procedure of forming the display cover 
13 by the injection molding will now be described. 

First, magnesium-alloy pellets are put into the 
cylinder 37 from the hopper 39 and heated. Thus, the 
magnesium alloy pellets are transformed into a half- 
molten state. The magnesium alloy causes a thixotropy 
phenomenon by the shearing force of the rotating screw 
38, thereby increasing the fluidity. Therefore, the 
half-molten magnesium alloy is injected from the 
injection outlet 37a of the cylinder 37 into the 
injection inlet 44 of the metal die 36. 

The magnesium alloy is injected forcibly into the 
molding space 43 via the gates 45, and after passing 
through the molding space 43, the alloy overflows from 
the air vents 46 to the molten metal reservoirs 47. 
Thus, the magnesium alloy is filled within the molding 
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space 43 without creating voids, and then it solidifies 
in the molding space 43. As a result, an injection 
mold product 48 as shown in FIG. 8 is formed. 

The injection mold product 48 is taken out of the 
metal die 36, and then several unnecessary structures 
49 of the product at this stage, which correspond to 
the inlet 44, the gates 45, the air vents 4 6 and the 
molten metal reservoirs 47, are removed by machining. 
Thus, a series of injection molding steps for the 
display cover 13 are finished. 

The display cover 13 made by the injection molding 
as described above, has the metal injection portion 27 
in the lower edge portion 16a of the support wall 15, 
where the gates 45 of the metal die 36 are situated. 
With this structure, the magnesium alloy injected from 
the gates 45 into the molding space 43 flows towards 
the upper edge portion 16b from a position correspond- 
ing to the lower edge portion 16a of the support wall 
15. Therefore, the lower edge portion 16a of the 
support wall 15 is located on an upstream end along 
the flowing direction of the magnesium alloy, whereas 
the upper edge portion 16b of the support wall 15 is 
located on a downstream end along the flowing direction 
of the magnesium alloy. 

The metal injection portion 27 of the support wall 
15 has such a shape that is cut away from the lower 
edge portion 16a towards the upper edge portion 16b. 



With this structure/ the distance LI from each gate 45 
to the upper edge portion 16b of the support wall 15 
becomes short by a portion corresponding to the length 
L3 of the first and second edge portions 28a and 28b of 
the metal injection portion 27. 

In this manner, the distance of the flow of 
the magnesiiim alloy within the mold space 43 can be 
decreased, and therefore even if the molding space 
43 is narrowed in compliance with the demand of the 
thinning of the display cover 13, the fluidity of 
the magnesium alloy can be kept at a high level. 

Moreover, the metal injection portion 27 where the 
gates 45 are situated has the first and second edge 
portions 28a and 28b extending in the height direction 
of the display cover 13 and the third edge portion 28c 
extending in the width direction of the display cover 
13. With this structure, the gates 45 can be arranged 
in line along the height and width directions of the 
support wall 15, and therefore the magnesium alloy 
injection region in the molding space 43 can be 
expanded . 

Thus, it is possible to completely fill the 
molding space 43 at a high density with the magnesium 
alloy, and no magnesium-alloy unfilled regions are 
created in the molding space 43. In this way, the 
occurrence of defective products can be suppressed 
and accordingly the productivity can be increased. 



Therefore, it is possible to obtain a high-quality- 
display cover 13 with a quality appearance of metal 
while satisfying the demand of the thinning of the 
display cover 13. 

Further, a synthetic resin-made cover 31 which 
covers the metal injection portion 27 is fixed to the 
support wall 15 of the display cover 13. With this 
cover 31, it is possible to reinforce the structure 
around the metal injection portion 27 of the support 
wall 15. With this structure, even if some external 
force is applied to twist the side portion of the 
support wall 15 and the projections 18a and 18b/ on 
which the first bracket 23 of the hinge device 22 is 
fixed, while rotating the display housing 10 to the 
closed portion or open position, the structure can 
fully withstand such an external force. 

Therefore, regardless of such a structure that 
the support wall 15 of the display cover 13 is cut 
away at sections adjacent to the hinge device 22, the 
deformation or breakage of the support wall 15, which 
occurs while rotating the display housing 10, can be 
prevented. Further, with this structure, the display 
housing 10 can be smoothly rotated, and therefore the 
operability of the apparatus while opening/closing the 
display unit 3 is excellent. 

It should be noted that in the above-described 
embodiment, the display cover of the display unit is 
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fomed by injection molding; however the present 
invention is not limited to this eitibodiment, but it is 
possible that the computer main body itself is made by 
injection molding. 

Further, the metal material to be injected into 
the molding space in the metal die is not limited to 
magnesium alloy, but it may be some other metal, such 
as an aluminum alloy. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



